SUMMARY Neurophysiological investigations (EEG, ERG, VEP) were carried out in 13 patients with proven "mitochondrial myopathy". There were nine girls and four boys. Varied abnormalities were seen in the EEGs of all cases, and in one patient unusual repetitive bursts of irregular slow waves and spikes were observed. The ERG was abnormal in five of the 12 cases tested, while the VEP (flash) was definitely abnormal in six out of these 12 cases. These neurophysiological findings suggest some involvement of both the brain and the visual system. It seem therefore appropriate that this condition be considered a "mitochondrial disease" affecting many systems rather than only muscles.
Mitochondrial abnormalities in the muscle were first reported by Luft and co-workers' in a patient with a "hypermetabolic disorder" of non-thyroid origin. Although several years elapsed before the description of a second case,2 3 an extensive literature has since accumulated on mitochondrial abnormalities associated with a great variety of neuromuscular disorders.4-" The term "mitochondrial myopathy" is now used to describe a condition with short stature, low weight, mono or bilateral ptosis, ophthalmoplegia, pigmentary retinopathy, weakness of neck flexors and girdle muscles in particular, fatiguability, ataxia and deafness. 12 Diagnosis is confirmed by muscle biopsy which shows "ragged red" fibres on Gomori trichome staining and striking changes with oxidative enzyme reactions. At electron microscopic level, grossly enlarged, distorted and bizzare mitochondria are seen.4 12 Clinical and pathological aspects of "mitochondrial myopathy" have been extensively reported in the literature but electroencephalographic (EEG), electroretinographic (ERG) and visual evoked potentials (VEP) investigations were only men-tioned on few occasions and as a minor detail. In the present study, neurophysiological investigations including EEG, ERG, and VEP are described in 13 children with proven "mitochondrial myopathy". In one patient (case 7) serial EEGs showed rather unusual features with multifocal abnormalities and an excess of slow activity more marked posteriorly than anteriorly. At times larger amplitude, isolated slow waves each lasting 0-5 second, reaching 200 to nearly 400 microvolts, appeared in the posterior temporal regions, more obvious on the left than on the right side and independent of eye closure. These waves reappeared at intervals of 1 to 10 seconds, without however constant periodicity (fig 3, top) . In addition, sharp elements or spikes or both were seen particularly in the occipital region, facilitated by eye closure and markedly increased by photic stimulation, particularly at high rates of flickering. In the second EEG, taken 4 months after the first one, when the patient was (fig 3, bottom) . A definite improvement however was seen in the sixth EEG, taken when the patient was almost 15 years old; there was a diminution in slow activity and of paroxysmal features with disappearance of the repetitive phenomena.
ERG AND VEP FINDINGS
The ERG was present and of usual amplitude and waveform in seven out of the 12 cases investigated. In three patients, no ERG was recognisable (cases 3, 8, and 11) while in the remaining two (cases 4 and 5) only a low amplitude ERG could be detected (fig 4) . The VEP was present with well defined early components in six out of the 12 cases investigated. The usual early components were either absent or ill defined in five patients (cases 2, 3, 8, 9, and 13), while in the remaining patient (case 7) the VEP, although present, was of unusual configuration with enlarged components (fig 4) . All the patients with abnormal ERG and VEP features had variable degrees of pigmentary retinopathy, but failing vision (such as night blindness or decreased visual acuity) occurred in only three patients.
Discussion
Height and weight below the third centile, muscular weakness particularly involving neck and girdle muscles, fatiguability, deafness, pigmentary retinopathy, ptosis, opthalmoplegia and ataxia were the salient clinical features of these cases. They all showed abnormal mitochondria in skeletal muscle. Other cases have been reported in the literature with similar features, although classified in many different ways and with a very wide age range (from childhood to advanced adult age). The cases with mitochondrial myopathy and myoclonic phenomena described by Fukuhara et all7 and Fitzsimons et all8 with extensive bibliography are probably a different disorder.
Although various metabolic derangements have been demonstrated""22 nothing is known about the underlying cause of "mitochondrial myopathy".23 In previous reports of the literature, it has been suggested that the different age of onset of "mitochondrial myopathy", the increase of CSF protein and the spongiosis of the central nervous system found at necropsy23 24 and by computed tomography25 suggest a slow virus infection in the pathogenesis of this condition. The repetitive phenomena seen in the EEG of one of our cases (case 7) are somewhat reminiscent of subacute sclerosing panencephalitis and therefore suggestive of a slow virus infection, but the evidence is poor. The EEGs of all our patients showed various degrees of abnormality, indicating some cerebral involvement in this disorder. EEG studies were only rarely performed on the cases reported in the literature, the findings being described as either "normal" or showing "diffuse slow activity with or without discharges": such EEG descriptions however were extremely brief and comparison with our findings was not possible.
The "Mitochondrial myopathy" or mitochondrial disease? EEG, ERG, VEP studies in 13 children wider distribution of abnormal mitochondria than just in the muscular system. It seems therefore more appropriate that this condition should be considered a "mitochondrial disease" rather than a myopathy. Histochemical and electron microscopic studies of brain, retina and other tissues in such patients would offer additional evidence.
We are indebted to our clinical colleagues particularly to Dr John Wilson and Dr EM Brett for referring the patients and to Dr B Lake for the histopathology.
